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THE EFFECT OF VITAMIN A ON EPITHELIAL MITOSIS
IN VITRO AND IN VIVO*
BURTON S. SHERMAN, PH.D.'
One of the major functions of vitamin A in
biological systems is the maintenance of normal
epithelial structure. Vitamin A is necessary for
maintenance of the structure of the skin and
the corneal epithelium as well as the epithelium
of the upper respiratory tract and genito-urinary
tract (1). The vitamin A-deficient animal is
characterized by an almost immediate reduction
in rate of growth and a progressive keratinizing
metaplasia of most epithelia. However, the role
of vitamin A in maintaining the normal structure
of epithelia is unknown.
The experimental approach to vitamin A-
deficiency began with the early studies of Mon
(2) and Gold schmidt (3), who described the
cornification of the conjunctiva in the rat and
similar changes in the lining of the pharynx,
trachea and duets of the salivary glands. Wol-
bach and Howe (1, 4, 5) later extended the
study and emphasized the wide distribution of
these effects on lining epithelia of the body,
both in the rat and guinea pig. Hyperkeratosis
of the skin as a result of vitamin A deficiency
has been observed in man and experimentally
produced in animals (6—13).
The keratinizing metaplasia and hyperkeratosis
of epithelia found in experimental vitamin A
deficiency may be related to changes in epithelial
mitotie activity and the rate of cellular replace-
ment in these tissues. It has been reported that
the mitotic activity of epithelia in vitamin A-
deficient animals was increased (I). However,
Friedenwald et al. (14) and Alov (15) stated
that the mitotie activity of "A"-defieient ani-
mals was not significantly different from that
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of normal animals. The administration of vitamin
A has produced an increase in mitotic index
(15, 16). However, other experiments showed
that the vitamin caused no significant change in
mitotic activity (5, 17).
The reasons for the diversity of results found
by other workers may be related to three factors;
(a) the nutritional state of the animals; i.e.,
normal or vitamin A-deficient, (b) the type of
epithelia examined for mitotic activity and (c)
the concentration of vitamin A employed in the
study. In the experiments reported herein these
factors have been taken into consideration.
It is the purpose of these studies to examine
the problem of keratinizing metaplasia and
hyperkeratosis found in vitamin A-deficient
animals by determining the effect of vitamin A
and/or a deficiency of the vitamin on epithelial
mitotic index and cellular replacement using
both in vitro and in vivo technics.
MATERIALS AND METHODS
A. Production of Vitamin A-Deficient Rats
The animals used in these studies were young
male Wistar albino rats. A total of 309 rats were
used for all the experiments described herein.
The litters of animals were combined and then
assigned either to an experimental or one of the
control groups.
At weaning (21—22 days of age), those animals
to be rendered vitamin A-deficient were placed
on a Vitamin A Test Diet (lISP. XIV) and
given water ad libitum. The animals were weighed
daily throughout the experiment. Animals on
the Vitamin A Test Diet were considered de-
pleted when their body weight remained sta-
tionary for seven days and/or severe xeroph-
thalmia developed. In addition, these animals
exhibited matted and lustreless hair, diarrhea,
"hunchback" posture and extreme irritability.
Normal animals were raised on a stock diet
consisting of Big Red Dog Pellets.
The last group of animals were placed at wean-
ing on a Vitamin A Test Diet (IJ.S.P. XIV) and
in addition were supplemented daily with an oral
dose of 30 pg. of vitamin A acetate throughout
the course of the experiment. These animals will
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subsequently be referred to as "A" Test Diet +
"A" animals.
During the experimental period, the animals
were placed in individual cages.
B. Method to Demonstrate the Effect of Vitamin A
on Epithelial Mitosis in Vitro
The procedure of Bullough and Johnson (18)
and Bullough (19, 20) was used in studying the
effect of vitamin A on the mitotic index of epi-
dermis and corneal and tracheal epithelia in
vitro. The animals employed in the study con-
sisted of 21 young male albino rats. Male animals
were selected because Bullough (19) has shown
that estrogenic hormones have a residual effect
on the tissues and play a considerable role in
in vitro mitosis, while androgenic hormones as a
factor are negligible. Seven animals were placed
on the vitamin A-deficient diet, seven were raised
on the stock diet, and the remaining seven ani-
mals were placed on the "A"-deficient diet sup-
plemented orally with a daily dose of 30 pg. of
vitamin A. All animals were sacrificed when
physical signs of deficiency were apparent in the
first group. Specimens of epidermis, cornea and
trachea were taken from each animal and cut into
small pieces (approximately 2 x 4 mm. in size).
Specimens of tissue of the same type were placed
in glass-stoppered flasks containing 4 ml. of a
phosphate-buffered saline solution at pH 7.4
(18, 19). Each flask contained seven specimens
of tissue, one from each animal in the group.
Isotonic glucose was added to the buffer solu-
tion to give the optimum concentration of 0.02
M. In addition, sodium glutamate in final con-
centration of 0.02 M was added. The gas phase
was oxygen (99.5% 02-0.5% C02).
Aqueous suspensions of vitamin A acetate in
16% Tween 20 (a water dispersant) were prepared
in concentrations of 10, 100, 1,000 and 10,000 pg.
of vitamin A per ml. respectively. Tissues were
incubated in the buffered solutions containing
various concentrations of vitamin A. Other
specimens of tissues were incubated in buffered
solutions containing the aqueous dispersant.
Tissues used for controls were incubated in flasks
with only the saline-phosphate buffer.
The flasks containing the tissues were placed
in a shaking incubator at 38°C. and gently rocked
for one hour. At this time, 0.016 mg. of colchicine
dissolved in 0.04 ml. of physiological saline was
introduced into each flask. The incubation was
continued for four hours. The specimens were
then fixed in Bouin's solution, sectioned in par-
affin at 8 p and stained with Delafield's hema-
toxylin and cosin. Estimates of mitotic indexes
were made by direct counts of 1,000 consecutive
basal cells in the tissues at a magnification of
450 1<.
Five separate counts were made for each speci-
men of tissue and seven specimens of tissue were
used at each concentration of vitamin A or con-
trol. Thus, 35 individual enumerations of mitotic
index were performed to arrive at a mean mitotic
index for each type of epithelia at each concen-
tration level.
C. Method to Demonstrate the Effect of Vitamin A
on Epithelial Mitosis in Vivo
In the following series of experiments, 288
weanling male albino rats were used. The animals
were divided into three groups and placed on
either the vitamin A-deficient diet or stock diet
or vitamin A-deficient diet supplemented with
daily oral doses of 30 pg. of vitamin A.
1. Period of vitamin A depletion. Two rats from
each group were sacrificed at weaning and at
weekly intervals thereafter for seven weeks.
The animals were injected subcutaneously with
colchicine (0.1 mg./100 gm. of body weight) and
sacrificed four bours later by exsanguination
while under light ether anesthesia. Blood serum
was analyzed for vitamin A content by the method
of Sobel and Snow (21). The livers and kidneys
of the animals were also taken for chemical vita-
min A analyses using a modification of the method
of Bessey et at. (22) as described by Sobel et at.
(23).
At sacrifice, samples of skin, cornea and trachea
were taken and placed in Bouin's fluid. These
tissues were used for histological analysis and
estimation of mitotic index.
2. Topical application of vitamin A. Aqueous
suspensions of vitamin A acetate in 16% Tween
20 were prepared in concentrations of 10, 100,
1,000 and 10,000 pg. of vitamin A per 0.2 ml. Three
days before treatment, the hair from the scapular
region of the animals was clipped with an electric
clipper. Each animal was then placed in a sep-
arate cage for topical treatment with the ap-
propriate vitamin A suspension or of the aqueous
dispersion medium. In addition, one group of
animals received no topical treatment.
Rats from the vitamin A-deficient, stock-fed
and "A" Test Diet + "A" groups were sacrificed
before treatment (0 hour) and 4, 8, 24 and 48 hours
after a single topical application of 0.2 ml. of the
appropriate preparation to the scapular region.
Four hour mitotic counts were performed on
specimens of cornea and tracheal epithelia and
epidermis from the treated scapular region and
an untreated lumbar area at each time interval
of the 48 hour testing period. The subcutaneous
injection of colchicine (0.1 mg/lOU gm. of body
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weight) was used to arrest mitotic figures. In
addition, blood was taken from each animal at
sacrifice for serum vitamin A analysis. It should
be noted that two male rats were used at each
concentration level and time interval.
3. Oral administration of vitamin A. Concentra-
tions of either 100 or 10,000 pg. of vitamin A ace-
tate per 0.1 ml. in an aqueous suspension con-
taining 16% Tween 20 were administered to the
vitamin A-deficient, normal and "A" Test Diet
+ "A" rats using a tuberculin syringe fitted with
a feeding needle with a rounded end. The prepara-
tion was expelled through the syringe and needle
into the esophagus of the animal. Four hour
mitotic counts and serum vitamin A analyses
were performed for each animal as described in
the preceding section.
OBSERVATIONs
A. Physical Signs of Vitamin A Deficiency
The first grossly visible signs of vitamin A
deficiency appeared in those animals on the
vitamin A Test Diet approximately 42 days
after weaning. At this time, the animals ex-
hibited a slight bloody exudate and crusting
of the margins of the palpebral fissures. Their
coats of hair became less smooth and less glossy.
In addition, their body weights were considerably
less than that of the normal rats and the "A"-
deficient diet + "A" rats (see weight gain in
Tables IV, V and VI). During the following
week, the condition grew progressively worse.
Thus, at 49 days after weaning, these animals
TABLE I
The effect of vitamin A on the mitotic index of corneal epithelium in vitro
Concentration of vitamin A
Mean Number ut Mitutir Figures per 1000 Basal Cells
Normal cornea "A"-deficient cornea "A" test diet + "A" cornea
pg/total vol usne
0
0 + Vehicle
10
100
1000
10,000
30.7 0.7f
30.6 0.6
49.9 0.9*
63.9 + 0.8*
16.1 + 0.6*
6.1 0.6*
8.2 0.4
7.1 0.4
59.5 0.8*
74.4 0.8*
5.0 + 0.3*
5.3 0.4*
32.6 0.9
30.4 1.7
51.6 + 0.8*
65.1 1.6*
13.2 + 0.7*
7.5 0.7*
* Indicates that this Mean is statistically significant at the < 0.5 confidence level when compared
to the Mean of the group containing no vitamin A. The data were analyzed by the method of Fisher
(25).
t All figures are expressed as Mean Standard Error.
TABLE II
The effect of vitamin A on the mitotic index of epidermis in vitro
Concentration of vitamin A
Mean Number ot Mitotic Figures per 1000 Basal Calls
Normal evidermis "A-deficient epidermis "A" test diet + "A" epidennis
pg/total volume
0
0 + Vehicle
10
100
1000
10,000
7.2 0.3f
7.3 0.4
12.6 0.4*
18.3 0.4*
3.2 0.3*
1.1 0.2*
1.5 0.1
1.5 0.2
15.6 0.5*
22.8 0.5*
1.7 0.2
1.1 + 0.1
7.8 0.4
8.0 1.0
13.1 + 1.1*
20.3 + 0.9*
2.6 0.2*
1.0 0*
* Indicates that this Mean is statistically significant at the < 0.5 confidence level when compared
to the Mean of the group containing no vitamin A. The data were analyzed by the method of Fisher
(25).
t All figures are expressed as Mean Standard Error.
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TABLE III
The effect of vitamin A on the mitotic index of tracheat epithetium in vitro
Concentration of Vitamin A
Mean Number of Mitotic Figures per 1000 Basal Cells
Normal trachea "A-deficient trarhea "A" test diet + "A" trachea
pg/total volume
0
0 + Vehicle
10
100
1000
10,000
3.3 0.4k
2.8 0.3
7.9 0.4*
12.6 0.4*
2.5 0.4*
1.0 0.1*
1.0 0.1
1.0 0.2
10.8 0.4*
16.7 0.7*
0.9 0.1*
1.0 0.1*
3.6 0.4
3.9 0.5
8.9 0.8*
13.9 1.4*
1.6 0.2*
1.0 0*
* Indicates that this Meam is statistically significant at the < 0.5 confidence level when compared to
the mean of the group containing no vitamin A. The data were analyzed by the method of Fisher (25).
t All figures are expressed as Mean Standard Error.
TABLE IV
Mitotic index of epithetia during depletion of vitamin A in mate albino rats
demonstrated well developed signs of acute
vitamin A deficiency, characterized by severe
xerophthalmia, matted and lustreless hair,
diarrhea, "hunchback" posture and extreme
irritability. At this time analyses of blood, liver
and kidney revealed the presence of minimal
amounts of vitamin A (Table IV).
B. The Effect of Vitamin A on Epitheliat Mitosis
in Vitro
In the control group of tissues which received
no vitamin A in the incubating flasks (see zero
concentration of vitamin A in Tables I to III),
the mitotic index of epidermis, corneal and
tracheal epithelia of vitamin A-deficient animals
is significantly less than that of epithelia from
normal or "A" Test Diet + "A" animals. The
mitotic index of the epithelia is not significantly
altered due to the presence of the aqueous disper-
sion vehicle (Tables I to III). The addition of
10 Mg. of vitamin A to the in vitro system causes
an increase in the mitotic index of all epithelia
as compared to the zero concentration controls.
An even greater increase in epithelial mitotic
index is observed when 100 Mg. of the vitamin is
added to the system (Tables I to III).
In most instances, the presence of high con-
centrations of vitamin A (1,000 or 10,000 Mg.)
significantly lowers the mitotic index of the
epithelia as compared to the zero concentration
controls. In several instances, however, these
high concentrations of vitamin A do not show
Days
Depleted
Mean
weightGain
Mean Number of Mitotic Figures per 1000 Basal Cello
Cornea Epidermis Trachea
liver + Kidney
vitamin A
0
7
14
21
28
35
42
49
gm.
15
27
39
44
54
61
63
Serum vitamin A
36.4 6.5t
33.4 6.1
30.7 8.3
32.8 1.5
31.7 2.5
34.2 2.9
16.1 1.5*
7.6 1.4*
9.9 1.0
8.3 1.1
8.1 1.6
7.9 0.8
8.0 0.8
7.7 0.9
3.2 0.5*
1.4 93*
5.4 1.0
4.2 0.5
5.0 0.2
3.9 1.1
4.7 0.5
4.1 0.7
2.0 03*
0.9 07*
pg/total
36.4 1.6
29.4 2.3*
29.6 0.5*
13.6 0.8*
7.1 0.3*
4.7 0.2*
2.1 0.1*
0.5 0*
pg/JOO ml.
35.2 3.9
33.8 2.6
36.1 3.9
30.2 2.9
34.0 4.0
31.5 2.0
10.1 2.3*
1.1 0*
* Indicates that this Mean is statistically significant at the < 0.5 confidence level when compared
to the Mean at the "0 Days Depleted" level. The data were analyzed by the method of Fisher (25).
t All figures are expressed as Mean Standard Error.
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statistically significant lowered values for mitotic
index. This is mainly true for epidermis and
tracheal epithelium taken from vitamin A-
deficient animals. However, the number of
mitotie figures present in the control samples
of these epithelia are extremely low at the outset
and toxic doses of the vitamin can probably do
little to cause further depression of the mitotie
index.
It is interesting to note that the results ob-
tained from the tissues of those animals on the
"A"-defieient diet supplemented with daily
oral doses of 30 Mg. of vitamin A are essentially
the same as the results obtained from rats on
the normal diet.
C. The Effect of Vitamin A on Epithelial Mitosis
in Vivo
1. Topical application. It may be seen from
Table IV that the mitotie index of epidermis,
corneal and tracheal epithelia remains fairly
constant in animals on the vitamin A-deficient
diet from the time of weaning (0 days depleted)
to the fifth week of the depletion period. During
this period, these animals gain less weight than
the stock-fed animals and there is a progressive
loss of vitamin A from their liver and kidney
hstorage depots. However, there is no significant
change in the concentration of vitamin A in the
blood serum up to this point. When the stores
of vitamin A are no longer capable of maintaining
the level of vitamin A in the blood (42 days
depleted), and the serum "A" drops precipitously,
there is a concomitant fall in mitotic index in
all the epithelia investigated. At approximately
the same time, keratinizing metaplasia of these
tissues is becoming evident.
The mitotie index of the epithelia of stock-fed
rats and "A" Test Diet + "A" rats remains
constant during this seven week period of time
(Tables V and VI). There are no changes in the
serum vitamin A levels and the stores of vitamin
A in the liver and kidney show a significant
increase during this period.
The stages of hair growth were noted in all the
animals in these studies; however mitotie counts
were confined to the cells of the surface epithe-
hum and no attempt was made to estimate the
mitotic activity of the hair follicles. In these
studies, it appears that a deficiency of vitamin A
tends to retard the hair growth cycle in the albino
rat. During the depletion period, the animals
on the "A"-defieient diet pass through the second
of their hair growth cycles but fail to enter into
the third cycle of growth. Thus after seven weeks
on the Vitamin A rrest Diet (10 weeks of age),
the dorsal scapular hairs of these animals remain
in Telogen while the follicles of the animals on
the stock diet or the "A" Test Diet + "A" have
progressed into the third cycle of growth and
are found in the anagen IV—VI stages of
development.
Once vitamin A deficiency has been achieved,
there is very little fluctuation in either the
epithelial mitotie index or level of serum vitamin
A of the untreated "A"-defieient animals during
TABLE V
Mitotic index of epithelia of normal male albino rats at various times after weaning
nays
After
weaning
Mean
weight
Gain
Mean Number of Mitotic Figures per 1000 Basal Cells
Liver + Kidney
Vitamin A Sermn vitamin A
Cornea Epidermis Trachea
gm pg./lstal pg/IOU ml.
0 — 35.2 2.5t 10.8 1.2 5.0 0.7 30.4 0.8 31.5 4.1
7 20 31.2 2.7 8.4 0.6 4.0 0.3 49.5 0.7* 38.2 5.5
14 46 30.7 2.3 8.3 0.7 4.6 0.6 91.5 1.0* 30.4 0.4
21 69 32.5 2.0 8.0 0.7 4.2 0.5 130 34* 32.4 5.0
28 88 29.7 1.1 8.4 0.8 4.0 0.4 178 10.0* 36.2 6.6
35 119 32.7 2.4 7.7 1.1 4.9 0.6 218 7.0* 29.5 2.0
42 141 31.9 2.3 8.1 0.8 3.7 0.7 257 12.6* 32.8 5.3
49 160 33.8 3.0 8.3 1.2 4.6 1.0 309 15.0* 34.7 1.6
* Indicates that this Mean is statistically significant at the < 0.5 confidence level when compared
to the Mean at the "0 Days After Weaning" level. The data were analyzed by the method of Fisher (25).
t All figures are expressed as Mean Standard Error.
474 THE JOURNAL OF INVESTIGATIVE DEEMATOLOGY
TABLE VI
Mitotic index of epithelia of "A" test diet + "A" mole albino rats at various
times after weaning
Days
After
Weaning
Mean
Weight
Gain
Mean Number nf Mitntir Figures per W55 Basal Cells
Liver + Kiduey
. .
itamin
Cornea Epidermis Trachea
Serum Vitamin A
gm. pg/fatal pg/JOO ml.
0 — 31.7 2.7f 8.9 1.1 5.3 0.6 34.6 1.5 34.6 2.6
7 18 29.5 2.0 8.1 0.7 4.6 0.6 56.3 2.6* 31.6 1.6
14 40 31.7 1.6 7.6 0.8 4.7 1.1 100 3.1* 30.6 0.9
21 64 29.8 0.7 7.9 1.6 4.0 0.3 128 6.8* 33.4 2.7
28 86 33.5 3.1 8.1 1.6 4.2 0.5 190 14.0* 36.1 3.4
35 122 30.2 1.6 8.0 0.6 4.9 0.5 240 11.0* 30.4 1.6
42 146 31.7 + 2.4 7.6 0.9 4.6 0.5 290 20.0* 34.4 1.8
49 156 32.1 3.6 7.9 0.8 5.0 0.6 360 22.4* 36.4 2.6
* Indicates that this Mean is statistically significant at the < 0.5 confidence level When compared
to the Mean at the "0 Days After Weaning" level. The datn Were analyzed by the method of Fisher (25).
t All figures are expressed as Mean Standard Error.
the subsequent 48 hour testing period (Nil
animals in Table VII). In contrast to the low
values found in the "A"-defieient animals, the
mitotie indexes and vitamin A levels of the
untreated normal rats and untreated "A" Test
Diet + "A" rats are much higher (Nil animals
in Tables VIII and IX). Although there is a
tendency for variation during the day in epi-
thelial mitotie index in the normal rat, especially
at the 4 and 8 hour time intervals, it is not borne
out by statistical analyses.
The topical application of the aqueous dis-
persant does not seem to cause any significant
alteration in the mitotie index of the cornea,
trachea or at the site of application and untreated
site of the epidermis at any time interval in
either the "A"-defieient animals or the normal
or the "A" Test Diet + "A" animals (Tables
VII to IX). In addition, the presence of the
aqueous dispersant does not significantly alter
the level of vitamin A in the blood of these
animals.
When 10 Mg. of vitamin A are topically applied
to vitamin A-deficient rats, there is a significant
increase in the mitotie index of the epidermis at
the site of application four hours after treatment
(Table VII). Eight hours after treatment, a
significant elevation in mitotie index is still
present at the site of application of the vitamin.
However, the mitotie index returns to its original
low level 24 hours after treatment and remains
there at the 48 hour time interval. There is no
significant change in the mitotic index of the
untreated site of epidermis or the epithelia of
cornea or trachea. In addition, there is no ob-
servable elevation of serum vitamin A when this
small amount of vitamin A is employed. Ap-
proximately the same situation occurs when 10
jig. of vitamin A is topically applied to normal or
"A" Test Diet + "A" animals. In these instances,
however, the rise in mitotic index at the site of
application is found four hours after treatment
and at no other time thereafter (Tables
VIII and IX).
Thus it is seen that the topical application of a
low concentration of vitamin A is capable of
producing an immediate local increase in mitotie
index independent of the level of the vitamin in
the blood. Furthermore, this effect is not pro-
longed over an extended period of time.
The topical application of 100 Mg. of vitamin
A to vitamin A-deficient rats results in an in-
crease in mitotie index of both the treated and
untreated areas of epidermis four hours after
treatment (Table VII). This elevation of mitotic
index is still present eight hours after treatment
and is extended to the epithelia of the cornea and
trachea. Associated with this increase is an
elevated serum vitamin A. However, 24 hours
following treatment, mitotic indexes and serum
vitamin A concentrations have returned to
original levels. Table VIII and IX illustrate the
topical application of 100 jig. of "A" to normal
and "A" Test Diet + "A" rats. In these in-
TABLE VII
Mitotic index of epithelia in vitamin A-deficient male albino rats following topical and
oral treatment
Type of Treatment
Nil
Hours
let
ment
0
4
8
24
48
Mean Number Mitotic of Figures per 1000 Basal Cells
Epidermis Serum Vitamin A
Cornea Trachea
Site of application Untreated site
pg./lOO ml.
1.5 0.3t 8.6 2.0 0.4 0.2 0.5 0.3
2.1 0.5 8.0 1.3 1.1 0.3 0.7 0
1.0 0.2 7.6 1.5 0.6 0.2 0
0.9 0.7 8.1 1.3 0.5 0.2 1.8 0.4
2.6 0.7 7.0 1.1 1.0 0.3 0.6 0.1
Topical Aque-
ous Dispers-
ant
0
4
8
24
48
0.9 0.3
1.7 0.4
1.0 0.3
1.3 0.4
2.1 0.7
1.1 0.5
1.3 0.4
0.7 0.2
2.0 0.4
1.4 0.6
7.9 1.5
8.6 1.4
8.1 0.7
7.7 1.4
8.7 1.7
1.2 0.2
0.6 0.2
1.1 0.4
1.0 0.2
0.7 0.4
2.7 0.8
0.4 0
1.7 0.2
0.9 0.1
0
Topical 10 jig
Vitamin A
0
4
8
24
48
1.9 0.4
10.9 1.1*
8.6 0.9*
0.9 0.2
1.7 0.3
1.1 0.2
1.7 0.6
0.8 0.3
2.1 0.6
1.6 0.6
8.6 1.6
7.7 1.5
8.8 1.4
9.4 1.2
8.0 0.8
1.3 0.3
1.6 0.5
0.9 0.2
2.0 0.5
1.2 0.4
1.8 0.2
2.6 0.1
1.1 0
2.3 0.3
1.0 0.3
Topical 100 jig
Vitamin A
0
4
8
24
48
1.8 0.3
17.5 1.4*
20.1 1.2*
1.5 0.3
1.6 0.5
1.3 0.4
2.7 0.2*
3.0 0.5*
0.7 0.3
0.9 0.2
8.9 1.2
11.5 1.1
12.9 1.1*
7.8 0.9
9.0 2.1
1.3 0.5
1.7 0.9
3.2 0.5*
1.9 0.2
0.9 0.2
2.0 1.1
10.3 0.5*
13.2 0.6*
2.9 0.4
2.1 0.1
Topical 1000 jig
Vitamin A
0
4
8
24
48
2.0 0.2
1.1 0.3
2.3 0.6
1.7±0.4
8.0 0.6*
1.6 0.2
8.7 0.8*
9.4 0.9*
7.9± 1.3*
8.6 1.0*
9.6 1.1
29.5 2.4*
32.7 2.3*
33.8±3.9*
26.4 1.3*
0.8 0.3
4.6 0.5*
53 0.4*
4.9±0.9*
5.1 0.5*
1.2 0.2
31.7 2.5*
42.7 2.6*
27.5± 3.8*
29.6 0.6*
Topical 10,000
jig Vitamin
A
Oral 100 jig
Vitamin A
0
4
8
24
48
0
4
8
24
48
1.5 0.4
0.2 0.2*
1.0 0.2
4.9 0.9*
8.3 1.1*
2.2 0.4
0.9 0.7*
2.9 0.9
9.0 0.5*
8.7 1.3*
2.1 0.6
8.7 1.0*
8.3 0.9*
7.6 0.8*
7.9 0.5*
8.9 0.9
5.1 1.6*
8.3 1.6
35.4 2.1*
31.9 2.6*
9.2 1.8
33.6 2.0*
30.2 34*
29.3 3.1*
34.2 2.5*
0.7 0.3
1.0 0.2
1.3 0.5
5.0 0.5*
5.4 0.7*
0.6 0.2
4.6 0.9*
5.0 0.2*
4.7 0.8*
5.1 0.9*
2.1 0.5
267 21.3*
175 5.0*
59.6 9.6*
33.5 2.1*
0.9 0.3
29.8 0.2*
437 54*
31.6 2.6*
33.4 33*
Oral 10,000 jig
Vitamin A
0
4
8
24
48
1.1 0.4
1.0 0.2
1.6±0.4
4.9 0.9*
7.1 09*
8.7 1.2
4.3 1.3*
5.2±0.9*
17.6 2.3*
34.4 3.8*
1.1 0.3
0.3 0.2*
1.3±0.3*
2.1 0.5
3.9 0.7*
1.5 0.5
495 15.0*
620
215 10.0*
73.4 4.0*
* Indicates that this Mean is statistically significant at the <.05 confidence level when compared to
the Mean at the "0 hour" in its respective Type of Treatment category. The data were analyzed by the
method of Fisher (25).
t All figures are expressed as Mean Standard Error.
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TABLE VIII
Mitotic index of epithelia in normal male albino rats following topical and oral treatment
Type of Treatment
Hours
ment
Mean Number of Mitotic Figures per 1000 Basal Cells
Serum Vitamin AEpidermis
Cornea Trachea
Site of application Untreated site
Nil 0
4
8
24
48
7.2 0.8f
9.3 1.2
8.0 0.8
7.6 0.9
7.9 0.8
29.2 1.0
32.2 2.2
28.7 2.3
29.5 2.9
32.3 2.8
4.8 0.9
5.3 0.9
4.9 0.8
5.1 0.8
4.6 0.9
i.sg./IOO nil.
29.4 4.3
33.8 3.6
31.5 0
30.4 2.6
32.7 6.7
Topical Aque
ous Dispers-
ant
0
4
8
24
48
8.0 0.5
8.7 0.9
7.7 0.5
7.9 0.5
8.4 0.8
8.3 1.1
9.0 0.6
8.8 1.1
8.6 1.0
8.0 0.9
31.5 2.9
34.7 1.8
30.3 2.6
29.5 0.8
27.9 1.5
4.0 0.3
4.5 0.4
5.1 1.0
4.9 0.6
4.9 0.9
28.7 1.3
30.1 0.4
27.8 0.2
32.6 2.3
30.0 0
Topical 10 ssg
Vitamin A
0
4
8
24
48
7.0 0.7
10.6 1.0*
8.3 0.5
7.4 0.8
7.8 1.0
7.4 0.8
8.6 1.3
7.9 0.6
8.6 0.9
8.0 0.9
31.7 2.8
34.2 2.5
29.4 1.5
28.6 0.9
31.4 2.5
4.7 0.7
4.4 0.7
3.9 0.7
5.1 0.6
4.0 0.8
33.7 3.4
26.5 0
30.2 0.6
32.1 0
28.3 1.7
Topical lOOsig
Vitamin A
Topical l000g
Vitamin A
0
4
8
24
48
0
4
8
24
48
7.9 1.0
14.7 1.5*
12.6 1.6*
8.3 1.2
7.1 0.9
8.3 0.6
1.5 0.4*
2.3 0.8*
4.1 0.5*
7.6 0.6
8.3 1.3
8.9 0.2
8.4 1.1
7.6 1.1
7.4 0.7
34.3 2.2
35.7 1.9
31.4 1.0
30.6 1.4
32.5 1.8
5.1 0.9
5.4 0.8
4.6 0.8
4.6 0.5
5.2 0.7
36.5 1.3
41.3 0
37.2 3.0
30.4 0
29.6 5.0
7.9 0.8
8.3 0.8
9.0 0.8
7.4 0.8
7.8 1.2
33.2 1.7
37.5 2.8
41.5 2.3*
32.2 2.7
34.1 1.2
4.6 0.7
5.0 0.9
4.6 0.7
4.0 0.3
5.3 0.7
34.2 1.9
47.1 5.1*
53.6 2.9*
36.1 0
29.3 2.6
Topical 10,000
g Vitamin
A
0
4
8
24
48
7.4 0.6
1.3 0.4*
1.0 0.3*
6.9 0.8
8.0 0.6
7.9 1.1
5.1 0.8*
6.8 0.2
8.4 0.9
8.3 1.0
33.7 1.7
20.0 1.9*
22.3 2.0*
35.8 2.2
32.1 2.0
5.3 0.8
2.9 0.7*
3.9 0.8
4.1 0.6
4.7 1.1
28.1 0.6
195 5.0*
167 18.0*
39.5 1.8
34.2 4.0
Oral 100 fig
Vitamin A
0
4
8
24
48
7.4 1.3
11.3 + 1.2*
12.6 1.0*
8.0 1.0
7.3 0.5
35.3 2.2
42.6 2.7*
38.3 2.1
30.4 2.0
30.5 1.4
4.5 0.6
7.6 0.5*
8.0 0.8*
4.1 0.6
4.5 0.4
34.2 2.5
54.7 2.4*
51.3 0.2*
30.2 3.8
34.5 3.5
Oral 10,000 fig
Vitamin A
0
4
8
24
48
8.8 1.4
4.3 0.4*
4.6± 1.1*
7.9 0.7
8.0 0.9
29.3 2.3
12.6 1.2*
10.3± 1.0*
24.5 1.6
34.2 1.6
4.1 0.9
2.3 0.6*
2.6±0.5
4.8 0.9
4.2 0.6
27.5 0
378 + 19.0*
505
140 10.0*
42.5 2.0*
* Indicates that this Mean is statistically significant at the <.05 confidence level when compared
to the Mean at the "0 hour" in its respective Type of Treatment category. The data were analyzed by
the method of Fisher (25).
t All figures are expressed as Mean < Standard Error.
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TABLE IX
Mitotic index of epithelia in "A" test diet + "A" male albino rats following
topical and oral treatment
Type of Treatment
Hours
ment
Mean Number of Mitotic Figures per 1000 Basal Cells
Serum Vitamin AEpidermis
Cornea Trachea
Site of application Untreated site
Nil 0
4
8
24
48
7.0 0.4t
8.4 1.0
7.6 0.8
7.4 1.0
7.8 0.9
30.4 2.1
32.7 1.6
30.1 0.7
29.7 1.8
29.4 1.2
4.6 0.3
4.9 0.6
4.7 0.8
4.3 0.6
4.6 1.0
g./1OO ml.
30.4 2.6
34.2 2.1
30.6 1.7
31.2 4.1
29.6 4.4
27.8 1.7
32.8 1.9
30.2 0.6
31.4 2.3
29.2 0.2
Topical Aque-
ousDispers-
ant
0
4
8
24
48
7.4 0.6
7.9 1.0
7.0 0.6
7.3 0.9
8.0 0.7
8.0 1.0
8.4 1.2
7.8 0.6
7.9 0.4
7.6 0.6
30.4 1.0
33.6 2.2
29.7 1.6
30.6 0.6
31.2 1.0
5.0 0.2
5.1 1.1
4.7 0.7
4.8 0.6
4.9 0.8
Topical lOpg
Vitamin A
0
4
8
24
48
7.6 1.1
11.5 0.6*
8.1 0.6
7.7 0.2
7.8 1.2
7.5 1.1
8.1 0.7
8.0 0.6
7.5 0.8
7.7 0.7
29.1 1.0
29.9 0.6
30.2 0.8
31.4 1.6
30.2 2.2
4.7 0.6
4.8 0.7
4.9 0.5
4.0 0.5
4.6 0.9
31.5 0.6
32.8 1.7
27.8 3.0
29.5 0.7
31.7 2.9
Topical 100 jg
Vitamin A
0
4
8
24
48
7.6 0.6
12.7 1.2*
11.1 0.6*
7.5 0.6
7.6 1.1
8.1 0.7
8.6 1.4
8.0 0.2
7.8 0.6
7.6 0.6
28.4 2.6
32.8 1.7
30.1 1.6
31.4 2.1
29.6 2.0
4.8 0.9
5.3 0.3
4.7 0.5
4.4 0.4
4.8 0.4
30.4 2.7
34.2 0.6
34.1 0.3
30.3 1.6
32.1 3.0
Topical 1000 /hg
Vitamin A
0
4
8
24
48
7.5 0.4
2.0 0.2*
2.6 0.3*
4.9 0.6*
7.3 1.0
8.0 0.8
8.1 1.2
7.7 0.6
7.2 0.4
7.6 0.9
30.4 2.1
39.7 3.6*
44.1 1.6*
30.6 0.9
28.7 1.9
5.1 0.6
5.0 1.1
4.8 0.7
5.1 0.9
4.7 1.0
30.6 0.6
51.7 3.6*
56.5 4.1*
31.6 0.7
32.7 1.6
Topical 10,000
eg Vitamin
A
Oral 100 ig
Vitamin A
0
4
8
24
48
0
4
8
24
48
7.3 1.0
1.0 0.2*
1.9 0.4*
7.0 1.6
7.6 0.6
7.7
4.8 1.0*
7.9 0.6
8.0 1.6
7.6 0.6
7.7 0.6
12.6 2.7*
13.0 1.9*
7.7 + 0.6
7.6 1.0
31.6 3.8
19.6 1.9*
23.4 0.6*
34.2 2.7
32.8 2.8
33.6 1.9
45.8 2.7*
32.1 3.8
30.6 0.6
33.6 0.6
5.1 0.6
2.7 0.2*
3.1 0.7*
4.9 1.0
4.8 1.0
4.7 0.6
8.3 1.1*
4.9 0.6
4.6 0.7
5.0 0.3
31.5 2.6
210 17.0*
170 4.8*
34.1 1.6
29.6 1.9
28.4 2.7
60.2 3.8*
58.1 1.6*
29.6 0.7
30.7 1.0
Oral 10,000
Vitamin A
0
4
8
24
48
7.5 0
4.0 0.2*
3.6 0.6*
7.7 1.3
7.6 0.9
30.6 0.8
8.6 1.1*
11.1 0.9*
27.8 3.8
28.6 2.6
4.4 0.6
2.0 0.3*
2.0 0.4*
4.6 1.0
4.9 0.7
32.7 1.0
405 21.0*
490 16.0*
165 8.5*
61.5 44*
* Indicates that this Mean is statistically significant at the < 0.5 confidence level when compared to
the Mean at the "0 hour" in its respective Type of Treatment category. The data were analyzed by the
method of Fisher (25).
All figures are expressed as Mean Standard Error.
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stances, increase in mitotic activity is confined to
the local area of application and is unaccom-
panied by an increase in blood "A".
When 1,000 pg. of vitamin A are topically
applied to "A"-defieient animals, there is an
elevation in the mitotie index of cornea, trachea
and epidermis of the untreated site four hours
after treatment (Table VII). This is probably a
result of a blood "A" level which has been raised
to what is considered the normal range (30—40
pg/100 ml). This effect is maintained over the
entire 48 hour period of the experiment. At the
site of application, there is no increase in mitotic
activity during the first 24 hours, but there is a
significant elevation 48 hours after the applica-
tion of "A". This failure of high concentrations
of vitamin A to stimulate mitotic activity at the
ite of application may be explained by observing
Tables VIII and IX which illustrate the topical
application of 1,000 pg. of vitamin A to normal
and "A" Test Diet + "A" rats. Here one can
see that such a high dose of vitamin A actually
depresses the mitotic index at the site of applica-
tion for at least 24 hours after treatment. This
inhibitory phenomenon of large amounts of
vitamin A is a local one since there is no gen-
eralized systemic inhibitory effect.
The topical application of an extremely high
dose of vitamin A (10,000 pg.) to vitamin A-
deficient rats results in a significant depression
in mitotic index at the site of application, the
untreated epidermis and in the corneal epithelium
four hours following treatment (Table VII).
This is associated with an extremely high blood
level of vitamin A. When the elevated blood level
decreases at 8 hours, the mitotic indexes of the
epithelia return to initial values. On the other
hand, at 24 and 48 hours after treatment, the
mitotic indexes of the tissues are rising. Signifi-
cant increases in mitotic index of all epithelia
are observable, while serum "A" levels have
descended to more normal levels. Tables VIII
and IX demonstrate that this high dose of
vitamin A has a similar effect on the epithelial
tissues of the normal and "A" Test Diet + "A"
animals. With a return of the elevated blood
levels of "A" to normal, 24 hours after treatment,
epithelial mitotic activity returns to original
levels.
2. Oral administration. The oral administration
of 100 pg. of vitamin A to "A"-deficient rats
results in an elevation of serum vitamin A to
normal levels and a generalized increase in
epithelial mitotic index four hours after treat-
ment. This systemic effect of vitamin A is main-
tained throughout the entire 48 hour experi-
mental period (Table VII). This same treatment
given to normal animals and "A" Test Diet +
"A" animals produces an increase in mitotic
activity of the tissues only as long as the serum
"A" is elevated to above normal levels (Tables
VIII and IX).
The oral administration of 10,000 pg. of vitamin
A to "A"-deficient animals produces either a
depression in epithelial mitosis or no change in
mitotic index (Table VII). When the blood levels
of "A" begin to descend to more normal levels,
instead of obtaining an inhibitory effect, a re-
versal occurs and the mitotic index of epithelia
is significantly stimulated. The effect of this oral
toxic dose of vitamin A on epithelial mitosis of
normal animals is shown in Table VIII and for
the "A" Test Diet + "A" animals in Table IX.
Here too, one can see a systemic inhibition of
mitotic activity, when the levels of vitamin A in
the blood are raised to extraordinarily high
values.
DIscUsSION
Animals on the vitamin A-deficient diet appear
to be relatively normal until the sixth week of the
depletion period. At this time, there is an acute
drop in blood vitamin A, a marked depression in
epithelial mitotic index and evidence of keratiniz-
ing metaplasia. Until this time, the only grossly
observable changes in these animals are a retarded
rate of growth and a gradual loss of vitamin A
from the storage depots. This sequence of events
in the process of vitamin A deficiency may be
explained on the basis of the amount of vitamin
A stored and the level of circulating "A". The
weanling rat has relatively small amounts of
vitamin A in his liver and kidneys. Since the
animal is deprived of the vitamin in his diet,
he must rely entirely on his stores of "A" to
supply his physiological requirements. Initially
these stores are adequate to maintain the blood
level of "A", which in turn is sufficient to meet
the demands of epithelia. However, the stores of
"A" are insufficient to satisfy the requirements
of general body weight gain. As long as the
liver and kidney levels of "A" are able to main-
tain a normal level of circulating little
change is demonstrable. However, when the stores
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of "A" fall below some critical level, blood vita-
min A can no longer be sustained. It is at this
point that the effects of vitamin A deficiency
on epithelia become apparent. In other words,
the functional and morphological integrity of
epithelia depends upon an adequate supply of
vitamin A. The vitamin is normally supplied by
the circulatory system, but in certain instances
epithelia can directly utilize the vitamin when
topically applied.
The present studies on mitosis in vitamin A-
deficient rats demonstrate that there is a signifi-
cant fall in mitotie index of epithelia concomitant
with a decrease in serum vitamin A. This is not
in agreement with the results of Wolbach and
Howe (1) who found an increase in mitotic
activity with "A"-defieiency, and Friedenwald
et cii. (14) wbo claimed that the number of mitoses
per 1,000 basal cells in the corneal epithelium of
vitamin A-deficient rats was not significantly
different from that of rats on a normal diet. The
discrepancies between the present study and the
previous ones cannot he fully explained at the
present time, but may be related in some manner
to the fact that the authors of the previous studies
used older rats which were chronically "A"-
deficient while the animals in the present study
were younger and suffered from an acute vitamin
A deficiency. In addition, Wolbach and Howe
(1) did not use colehicine to arrest mitoses and
did not perform a statistical evaulation of their
observations.
The results of the present experiments show
that the administration of physiological amounts
of vitamin A causes a significant increase in the
mitotic index of epithelia, while high toxic doses
of the vitamin significantly diminish mitotic
activity in "A"-deficient, normal and "A" Test
Diet + "A" rats. This is in agreement with the
results of Lawrence and Bern (16) and Alov
(15) who found that vitamin A greatly stimulated
cell division and increased the mitotie activity
of epithelia. Greenberg et ai. (24) also take the
view that vitamin A is an important factor in the
regulation of the mitotie activity of epidermis.
It is interesting to note that the results on
mitotic index obtained from normal rats and those
obtained from the "A" Test Diet + "A" rats
are similar. Thus, when considering the effect
of vitamin A on epithelial mitosis, we can con-
sider these two groups of animals essentially the
same.
It appears that vitamin A can affect the mitotic
index of epithelia by either of two methods. First,
there is a direct local effect on mitotic index of
epidermis. Secondly, there is a general response
of epithelia which is related to an increase in the
level of vitamin A in the blood. In both instances,
it seems that the effect of vitamin A on epithelial
mitotie index is maintained only for that period
of time in which the vitamin is snpplied to the
tissues in adequate amounts. When the amount
of vitamin A delivered to the epithelia drops
below some critical level, the mitogenie effect of
vitamin A in that area is lost.
The effect of vitamin A on in vitro epithelial
mitosis reveals similar results to that found in the
intact animal. Moderate doses of the vitamin
enhance the mitotie index of epithelia of "A"-
deficient, normal and "A" Test Diet + "A"
animals, while toxic doses of the vitamin depress
mitotie activity. In both instances, it appears
that in considering mitotic indexes, the vitamin
A-deficient epithelia are more responsive to the
action of vitamin A than are epithelia taken from
normal and "A" Test Diet + "A" animals.
SUMMARY AND CONCLUSIONS
The effects of vitamin A (including deficiency
effects) on the mitotic index of epidermis, eorneal
and tracheal epithelia are observed in the male
albino rat.
A considerable reduction in mitotic index is
found in the epithelia of vitamin A-deficient male
albino rats. This decrease in mitotie index and
the appearance of keratinizing metaplasia appear
late in the depletion period and are associated
with an abrupt decline of serum vitamin A. It is
suggested that the functional and morphological
integrity of epithelial tissues depends upon an
adequate supply of vitamin A, which is normally
supplied by the circulatory system.
Topical application and oral administration
of vitamin A in physiological amounts causes an
increase in epithelial mitotic index, both in vivo
and in vitro. Extremely high toxic concentrations
of the vitamin, however, can significantly depress
the mitotic index of the epithelia investigated.
Vitamin A can have a direct local effect on mitotie
index as well as a systemic effect; the latter
related to adequate amounts of vitamin A in the
circulation.
It is concluded that vitamin A is a factor in the
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regulation of the mitotic activity of epithelial
cells.
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